Introduction
Combination antiretroviral treatment (cART) has led to markedly increased life expectancy in HIV infected individuals. For patients who have access to cART and are motivated to adhere to the treatment regime HIV has become a chronic disease (1) . Increased life expectancy is coupled with increased burden of various chronic conditions, among them cardiovascular disease (CVD). The reasons for increased CVD risk among this patient population and the extent to which different factors such as HIV-related differences in traditional risk factors, HIV infection itself, or the use of cART contribute to this risk remain controversial (2, 3) . Pathogenesis of atherosclerosis in HIV infection is complex as HIV infection induces chronic inflammation which persists even after the initiation of cART, and the use of cART itself leads to metabolic complications. In treatment naïve patients inflammatory factors and HIV infection probably play a more significant role, while in patients treated with cART the effect of metabolic factors may become more pronounced (4) . HIV infection itself induces chronic systemic inflammation and immune activation, resulting in elevations of various biologic markers associated with CVD risk in HIV negative populations (5, 6) . Inflammatory response to HIV infection leads to endothelial activation and release of vascular adhesion molecules as well as an increase in serum levels of different inflammatory markers. Endothelial dysfunction represents early qualitative changes in atherogenesis (7) . Chronic systemic inflammation may contribute to increased incidence of CVD as some inflammatory markers (e.g. CRP, IL-6, ICAM-1, etc.) have been shown to correlate with and may even predict CVD in HIV infected and uninfected individuals (5, 6, 8, 9) . Impaired fibrinolysis and prothrombotic state are independent risk factors for CVD. Elevated levels of PAI-1 are associated with insulin resistance in general as well as in HIV infected population (10) .
A national study of the prevalence of and risk factors for CVD in Slovenian HIV infected patients has shown increased prevalence of subclinical atherosclerosis in HIV infected patients below the age of 55. The aim of this part of the study was to evaluate markers of inflammation, endothelial dysfunction and prothrombotic state and investigate their correlation with the presence of subclinical atherosclerosis in Slovenian HIV infected patients below the age of 55.
Patients and Methods
A prospective cross-sectional national study was performed at the Department of Infectious Diseases, University Medical Centre Ljubljana (UMCL), Slovenia. The investigation was approved by the institutional Ethics Committee for clinical research.
Patients 86 consecutive HIV infected male patients were included in the study; patients lacking all measurements of markers of inflammation, endothelial dysfunction and prothrombotic state were excluded from this analysis; in total 82 HIV infected male patients were included. Inclusion criteria were HIV infection for more than one year, male gender and age below 55 years; the study population was described in detail elsewhere (11) . Patients' history was recorded; physical examination and routine laboratory tests were performed on all subjects. Use of cART, duration of treatment and M. Pirs et al.
type of cART was noted (protease inhibitor (PI) based or non-nucleoside reverse transcriptase inhibitor (NNRTI) based treatment regime). We have compared our results with the results from historical HIV negative control group of 25 healthy men below the age of 55 (12) .
Markers of inflammation and vascular activationt
Markers of inflammation and vascular activation were measured using commercially available kits according to the manufacturer's instructions. High sensitivity C reactive protein (hsCRP) was measured using CardioPhase hsCRP test (Siemens, Germany). Vascular cell adhesion molecule 1 (VCAM-1) was measured using Quantikine ELISA Human sVCAM-1/CD106 Immunoessay (R&D Systems, Inc., United Kingdom). Plasminogen activator inhibitor 1 (PAI-1) was measured using TriniLIZE PAI-1 Activity (Trinity Biotech, Ireland).
Carotid intima media thickness measurement
Carotid intima media thickness (CIMT) was assessed by the B mode high resolution ultrasound technique (Diasonics VST ultrasound system) as described previously (13, 14) . Mean CIMT was calculated as the average of three measurements of the left and right carotid artery. Increased CIMT was defined as more than 0.8 mm thick carotid intima media (CIMT >0.8mm ) (15, 16) . Plaque was defined as described previously (17) .
CVD risk assessment
Systematic Coronary Risk Evaluation (SCORE) is based on gender, age, systolic blood pressure, smoking status and total cholesterol⁄ HDL cholesterol ratio. As Slovenia is among low risk regions of Europe, the risk chart for low-risk countries was used. The patients were classified as having low (< 1%), medium (≥ 1-to < 5%), high (≥ 5-to < 10%) or very high (≥ 10%) cardiovascular risk (18) .
Statistical analysis
Statistical analysis was performed using statistical software IBM SPSS Statistics version 20.0 (IBM corp., NY, USA). We used Mann Whitney U-test or Kruskall-Wallis test to compare continuous variables and Fisher's exact test or chi-squared test for categorical variables. Logistic regression was used to determine the influence of markers of inflammation, endothelial dysfunction and prothrombotic state, SCORE (combined influence of classical cardiovascular risk factors), use of PI or NRTI, CD4 cell count and viral load on CIMT >0.8mm and presence of carotid plaques.
Results
The main baseline characteristics of the study population were described in detail elsewhere (11) . The mean age of HIV infected study population was 39 years, 70% were on cART with mean exposure of 4.8 years.
Markers of inflammation, endothelial dysfunction and prothrombotic state in HIV infected patients and HIV negative patients are shown in Table 1 . We have found significantly elevated level of hsCRP among HIV infected patients compared to HIV negative controls (p 0.015). hsCRP levels were significantly higher in treated than in treatment naïve patients (p 0.031). There were no statistically significant differences based on the type of cART (PI or NRTI based) (p 0.082). There was no correlation with CIMT >0.8mm or the presence of plaque. We have noted a correlation between hsCRP level and viral load at the time of the study (p 0.009). We have found significantly elevated levels of VCAM-1 among HIV infected patients compared to HIV negative controls (p 0.000). VCAM-1 levels were significantly higher in treatment-naïve than in treated patients (p 0.036). There were significant differences based on the type of cART (PI or NRTI based) (568.2 vs. 425.0, p 0.033). There was no correlation with CIMT >0.8mm or the presence of plaque. We have noted correlation between hsCRP level and the duration of HIV infection (p 0.006) and CD4 cell count (p 0.000). We have found significantly elevated level of PAI-1 among HIV infected patients compared to HIV negative controls (p 0.000). There were no significant differences in PAI-1 levels between treatment naïve and treated HIV infected patients (p 0.903) or type of cART (PI or NRTI based) (p 0.094).
Comparison of markers of inflammation, endothelial dysfunction and prothrombotic state and CIMT measurements is shown in Table 2 . HIV infected patients with subclinical atherosclerosis (as defined by CIMT >0.8mm ) had statistically significantly higher levels of hsCRP (p 0.04), in contrast the differences in serum levels of VCAM-1 and PAI-1 were not statistically significant. In the logistic 
Discussion
HIV infection results in chronic systemic immune activation and elevated serum levels of inflammatory cytokines (19, 20) . Reduction of serum levels of markers of endothelial dysfunction (e.g. ICAM-1, VCAM-1, selectin E, etc.) were noted following the introduction of cART, however serum levels remained elevated compared to HIV negative controls (21, 22) . We have found elevated levels of hsCRP in HIV infected patients compared to healthy controls. Similar results were found in several other studies (23, 24) . There were however some studies that found no significant differences in levels of hsCRP between HIV infected patients and healthy controls (25) . Treated patients (regardless of PI-or NNRTI-based regimes) had higher levels of hsCRP than treatment-naïve patients, similar results were reported by Lebech et al. (26) . We have found no correlation between CIMT >0.8mm or the presence of plaques, we did, however, find a correlation between a level of hsCRP and viral load at the time of the study. Falcao et al. have similarly noted higher incidence of subclinical atherosclerosis among HIV infected patients, but they did not find any correlation between markers of inflammation or endothelial dysfunction and subclinical atherosclerosis (27) . Triant et al. have, however, noted that HIV infected patients with increased CRP had a markedly increased relative risk of acute myocardial infarction (28) . Similar findings were reported in several other studies (29, 30) .
We have found significantly higher levels of VCAM-1 in HIVinfected patients than healthy controls. Wolf et al. have also found elevated levels of VCAM-1 among treatment-naïve patients with reduction of VCAM-1 level after the introduction of cART; it, however, remained higher than in healthy controls (21) . Similar results were found in some other studies (31) (32) (33) (34) . In contrast, Guzman Fulgencio et al. did not find any statistically significant differences between HIV infected patients and healthy controls (35) .
We have also found significantly higher levels of PAI-1 in HIV infected patients than in healthy controls. Similar results were reported in several other studies (26, 34) . We have found no differences between treatment-naïve and treated HIV infected patients (regardless of the type of cART). Contrary to our findings Koppel et al. have found higher levels of PAI-1 in patients whose treatment regime included PI (36) .
When levels of markers of inflammation, endothelial dysfunction and prothrombotic state were compared in HIV infected patients with and without subclinical atherosclerosis, we have found significantly higher levels of hsCRP in patients with CIMT >0.8mm . When we investigated the influence of different parameters on the presence of CIMT >0.8mm or carotid plaques using logistic regression model, only SCORE CVD risk algorithm remained in the model.
Various studies have demonstrated that HIV infection results in chronic systemic immune activation, endothelial dysfunction and prothrombotic state; and while these findings may contribute to the understanding of underlying pathogenesis, the usefulness of such markers in routine clinical evaluation of the patients and prevention of CVD is unclear. hsCRP has been the most widely evaluated marker. Even in healthy populations various confounders influence the levels of hsCRP such as classical CVD risk factors and -most importantly for HIV-infected populations -the potential presence of low grade inflammatory diseases (18) . Centers for Disease Control/American Heart Association guidelines do recommend measuring hsCRP in patients with moderate risk of CVD (10% to 20% risk of CVD over 10 years) to identify individuals who should be considered for intensified medical therapy and preventative measures (37) . This approach has not been validated in HIV infected patients (30) .
Conclusion
HIV infection results in chronic systemic immune activation and elevated serum levels of inflammatory cytokines. Our study has demonstrated significantly increased levels of hsCRP in HIV infected patients with subclinical atherosclerosis, in contrast no significant differences in levels of VCAM-1 or PAI-1 were found. None of the studied markers of inflammation, endothelial dysfunction or prothrombotic state contributed to improved assessment of subclinical atherosclerosis. The usefulness of such markers in routine clinical evaluation of HIV infected patients remains unclear and further research is needed.
